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Specifications 

1. Title of Invention 

Method for Producing Diene Rubber 
2 . Scope of Claims 

A method for producing diene rubber with a 2 ~ 40% 
content of a syndiotactic 1, 2-polybutadiene with a high 
melting point, which method is characterized by the 
polymerization of 1 , 3-butadiene in a hydrocarbon or 
hydrocarbon halide solvent of polyisoprene with a cis-1,4 
bond content of at least 90% and/or natural rubber, 
employing a catalyst comprising 

(A) a cobalt compound, 

(B) at least one compound selected from 

(i) trialkyl aluminum, 

(ii) dialkyl aluminum hydride, 

(iii) a reaction product of trialkyl aluminum and water, 

(iv) a reaction product of trialkyl aluminum and 
alcohol, 

(v) a mixture of trialkyl aluminum and dialkyl 
aluminum halide, and 

(vi) an alkyl lithium compound, and 

(C) at least one compound selected from carbon disulfide and 
phenyl isothiocyanate . 

3. Detailed Description of the Invention 
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The present invention relates to a method for producing 
a novel diene rubber, and in particular to a method for 
producing an improved diene rubber in terms of adhesion 
properties, modulus, hardness, and tear strength. 
Cis-1, 4-polyisoprene is used the most in the field of 
automotive tires as replacement rubber for natural rubber. 
There recently is a demand for high-hardness high-modulus 
rubber vulcanizates due to needs relating to the riding 
comfort and running stability of automobiles. 

Although such methods for obtaining high-hardness high- 
modulus vulcanizates as a method wherein a vulcanizing 
agent is added to increase crosslink density, a method 
wherein the blending quantity of carbon black is increased, 
and a method wherein a resin is added have heretofore been 
proposed, all of the methods often resulted in a decline in 

12 

tear strength and flex fatigue properties. Also in terms of 
workability, there were problems in such respects as the 
kneadability and fluidity (pyrogenecity) . Further, there 
were various as such flaws as the decline in adhesion 
properties . 

The objective of the present invention is to provide a 
novel diene rubber excelling in adhesion properties, 
modulus, hardness, and tear strength without undermining 
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the superior processing properties of cis-1 , 4-polyisoprene . 

The present invention relates to a method for producing 
diene rubber with a 2 ~ 40% content of a syndiotactic 1,2- 
polybutadiene with a high melting point, which method is 
characterized by the polymerization of 1 , 3-butadiene in a 
hydrocarbon or hydrocarbon halide solution of polyisoprene 
with a cis-1, 4 bond content of at least 90% and/or natural 
rubber, employing a catalyst comprising 

(A) a cobalt compound, 

(B) at least one compound selected from 

(i) trialkyl aluminum, 

(ii) dialkyl aluminum hydride, 

(iii) a reaction product of trialkyl aluminum and water, 

(vii) a reaction product of trialkyl aluminum and 
alcohol, 

(viii) a mixture of trialkyl aluminum and dialkyl 
aluminum halide, and 

(ix) an alkyl lithium compound, and 

(C) at least one compound selected from carbon disulfide and 
phenyl isothiocyanate . 

Examples of polyisoprene with a cis-1, 4 bond content of 
90% that may be used in the present invention include cis- 
1, 4-polyisoprene obtained using a titanium based catalyst 
as described in such literature as E. Schoenberg et al., 
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Rubber Chemistry and Technology Vol. 52 p. 563 ~ 575 
(1979) : G. Natta, L. Porri, "Polymer Chemistry of Synthetic 
Elastomers Part II," p. 632 ~ 640, edited by J. P. Kennedy 
and E.G.M. Tornquist ( Interscience Publischers, 1969); 
cis-1, 4-polyisoprene obtained using a lithium based 
catalyst as described in such literature as E. Schoenberg 
et al., Rubber Chemistry and Technology Vol. 52 p. 551 ~ 
563 (1979), Examined Patent Publication Sho49-2186, 
Examined Patent Publication Sho52-48156, Examined Patent 
Application Sho 52-1427, and Unexamined Patent Publication 
Sho49-2886; and natural rubber. The Mooney viscosity 

(ML 1 0 0 1 

l +■ 4 ' of cis-1, 4-polyisoprene is in a range of 20 ~ 

150. 

The cis-1, 4-polyisoprene solution used in the present 
invention is a cis-1, 4-polyisoprene polymer solution 
obtained by polymerizing isoprene or a solution obtained by 
dissolving cis-1 , 4-polyisoprene in or swelling cis-1, 4- 
polyisoprene with a solvent. 

Examples of solvents used include such hydrocarbon 
compounds as butane, isopentane, hexane, heptane, 
isooctane, cyclohexane, methyl cyclopentane, benzene, 
toluene, xylene, and ethyl benzene; or such hydrocarbon 
halide compounds as chlorbenzene, dichlorbenzene, methylene 
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chloride, and dichlorethylene . 

The cis-1, 4-polyisoprene concentration in the cis-1, 4- 
polyisoprene solution is 1 - 30%. Examples of compounds 
(component A) used as 1,2 polymerization catalysts include 
cobalt organocarboxylate, cobalt organosulf onate, (3- 
di ketone complex compounds, tertiary amine complex of a 
cobalt halide, or phosphine complex compounds of a cobalt 
halide. Specific examples include cobalt naphthenate, 
cobalt octanoate, cobalt stearate, cobalt acetate, cobalt 
benzoate, cobalt salicylate, cobalt dodecyl benzene 
sulfonate, bis (ethyl acetoacetate) cobalt, 
bis (acetylacetonato) cobalt, tris (acetylacetonato) cobalt, 
dichloro-bis (pyridine) cobalt, dichloro-bis (triphenyl 
phosphine) cobalt, dibromo-bis (triphenyl phosphine) cobalt 
or dibromo-bis (triethyl phosphine) cobalt , and 

/3 

dibromo-bis (tributyl phosphine) cobalt . 

Examples of compounds used as trialkyl aluminum under 
catalyst component B include trimethyl aluminum, triethyl 
aluminum, triisobutyl aluminum and trihexyl aluminum. 
Examples of compounds used as dialkyl aluminum hydride 
include diethyl aluminum hydride and diisobutyl aluminum 
hydride . 

The reaction product of a trialkyl aluminum and water is 
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obtained by reacting, in a solvent, 1 mole of an 
aforementioned trialkyl aluminum with 0.1 ~ 1.5 moles of 
water within a range of -30°C ~ 100°C. The water used is 
preferably dissolved in a solvent in advance. 

The aforementioned reaction product may be prepared in 
advance, or a trialkyl aluminum and water may be added 
during butadiene polymerization. 

A reaction product of trialkyl aluminum and alcohol is 
comprised mainly of alkyl aluminum alkoxide and is obtained 
by reacting 1 mole of an aforementioned alkyl aluminum with 
0.2 ~ 0.9 hydroxy equivalent of alcohol within a range of - 
30°C ~ 100°C. The aforementioned reaction product may be 
prepared in advance, or a trialkyl aluminum and alcohol may 
be added during butadiene polymerization. Examples of 
alcohol used include methyl alcohol, ethyl alcohol, propyl 
alcohol, butyl alcohol, amyl alcohol, octyl alcohol, 2- 
ethylhexyl alcohol, decyl alcohol, lauryl alcohol, 
cyclohexyl alcohol, benzyl alcohol, furfuryl alcohol, 
cinnamyl alcohol, butanediol, and pentaerythritol . As for 
mixtures of trialkyl aluminum and dialkyl aluminum halide, 
mixtures with a dialkyl aluminum halide content of within 
the range of 10 ~ 90 mole % are used. 

The aforementioned trialkyl aluminum compounds are used 
as the trialkyl aluminum compound, and examples of dialkyl 
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aluminum halide include dialkyl aluminum chloride, 
diisobutyl aluminum chloride, and diethyl aluminum bromide. 

Examples of alkyl lithium compounds include ethyl 
lithium, propyl lithium, and butyl lithium. 

Carbon disulfide and/or phenyl isothiocyanate are used 
as catalyst component (C) . 

In the method according to the present invention, a 1,2 
polymerization catalyst is used within a range of 0.02 ~ 
0.5 millimole, on the basis of component (A), per 100 g of 
1, 3-butadiene . 

Component (B) is used within a range 1 ~ 500 moles per 1 
mole of component (A) , and component (C) is used within a 
range of 0.005 ~ 100 moles per 1 mole of component (A). 

There is no particular limitation on the order in which 
each component of a 1,2 polymerization catalyst is added or 
on the method of preparing the catalyst. However, normally 
employed methods involve adding the components to a 1,4- 
polyisoprene or a natural rubber solution containing 1,3- 
butadiene in the order (A), (B) , (C) or (B) , (A), (C) ; or 
reacting component (A) and component (B) in advance in the 
presence of a small amount of 1, 3-butadiene and adding to a 
cis-1, 4-polyisoprene or a natural rubber solution 
containing 1, 3-butadiene, subsequently adding component 
(C) . The concentration of 1, 3-butadiene at the time of 1,2 
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polymerization is in a range of 2 ~ 50% by weight. The 
polymerization temperature for 1,2 polymerization is -20 ~ 
80°C, and preferably 0 ~ 50°C. 1,2 polymerization is 
performed in an inert gas atmosphere, such as nitrogen or 
argon. 

A polymer according to the present invention, obtained 
by performing 1,2 polymerization in a cis-1, 4-polyisoprene 
or a natural rubber solution, can be collected by adding a 
terminator and an antioxidant to the polymer solution; 

/■ 

subsequently adding a precipitating agent, such as methyl 
alcohol, isopropyl alcohol, or acetone, or blowing in steam 
to remove the solvent by evaporation, thereby precipitating 
the polymer; and separating and drying the polymer. 

A polymer obtained by the method according to the 
present invention is a polyisoprene or natural rubber 
containing 2 ~ 40%, preferably 4 ~ 25%, of a syndiotactic 
1, 2-polybutadiene with a 1,2 bond content of no less than 
90%, a melting point of 180 ~ 220°C, and a Mooney viscosity 

i t- * > of 20 ~ 200, and preferably 40 - 150. A 1,2- 
polybutadiene content of 2% or less results in the 
inadequate realization of the improved effects, and a 
content exceeding 40% results in a decline in workability. 
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Because the 1,2 polymerization of butadiene takes place 
in a cis-1, 4-polyisopurene or a natural rubber solution in 
the method according to the present invention, there is a 
micro dispersion of syndiotactic 1, 2-polybutadiene with a 
high melting point in the cis-1, 4-polyisoprene or the 
natural rubber matrix. Hence, compared to mere blends of 
cis-1, 4-polyisoprene or natural rubber with 1,2- 
polybutadiene obtained by using a 1,2 polymerization 
catalyst, a polymer according to the present invention 
exhibits superior properties in terms of adhesion, modulus, 
hardness, and tear strength without compromising the 
excellent processing properties of cis-1, 4-polyisoprene . 

Like cis-1, 4-polyisoprene, a polymer according to the 
present invention may be processed into various industrial 
products, including rubber products for tires, by kneading 
with such compounding agents as fillers, strengthening 
agents, antioxidants, vulcanizing agents, and processing 
oil, and then molding and vulcanizing. Further, a polymer 
according to the present invention may be blend with 
natural rubber (NR) , styrene, butadiene rubber (SBR) , 
butadiene rubber (BR), isoprene rubber (IR) , ethylene 
propylene diene rubber (EPDR) , chloroprene rubber (CR) , 
nitrile rubber (NR) , 1 , 2-polybutadiene , and the like. 
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In the working examples, comparative examples, and 
referential examples of the present invention, the 1,2- 
polybutadiene content of the polymer was determined based 
on an analytical curve generated using the KBr method by 
preparing blends with different relative proportions of 
cis-1, 4-polyisoprene and 1 , 2-polybutadiene . The melting 
point was determined from the peak temperature on the 
endothermic curve generated using a differential scanning 
calorimeter (DSC) . The physical properties of vulcanized 
materials were measured based on JIS K-6301. As for 
adhesion properties, the adhesion of unvulcanized rubber 
and rubber was measured using a pick-up type tackmeter for 
an adhesion time of 10 seconds at a peel rate of 20 mm/min 
and a load of 500 g. 

Flexural crack growth is expressed as a relative index 
(Comparative Example being 100) representing the length of 
crack growth from the initial crack length of 2 mm when 
flexed 10,000 times using a de Mattia machine (stroke 
setting of 300 repetitions /min) . A smaller index 
represents higher resistance to flexural crack growth. 

The present invention is described in further detail 
hereinbelow with reference to working examples, comparative 
examples, and referential examples. 
Working Example 1 
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1 kg of cis-1, 4-polyisoprene obtained using a 
titanium-based catalyst in a nitrogen atmosphere [Japan 
Synthetic Rubber Corporation, IR2210, 98% cis-1, 4, Mooney 
( ML 1 0 OK) 

viscosity i ■*• < of 65] was dissolved in 12 1 of 

toluene in a reactor vessel having an internal volume of 20 
1 and eguipped with a stirrer. 

250 g of 1, 3-butadiene, 2.5 1 of toluene containing 60 
millimoles of water, 200 millimoles of triethyl aluminum, 
4.0 millimoles of cobalt octanoate, and 33.6 millimoles of 
carbon disulfide were added in this order to the toluene 
solution of cis-1, 4-polyisoprene at room temperature and 
polymerized for 1 hour at 25°C. The polymer solution 
obtained was added to methanol containing 1% 2,6-di- 
tertiary-butyl-p-cresol to precipitate out the polymer; the 
polymer was separating and dried to obtain 1130 g of 
polymer. The characteristic values of the polymer are 
shown in Table 1. The polymer obtained was kneaded with 
carbon black, zinc white, and stearic acid using a Banbury 

/5 

mixer in accordance with the formulation shown below, a 
vulcanizing agent and an accelerator were further 
compounded using a roller, and the resulting mixture was 
vulcanized for 40 minutes at 145°C. 
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Formulation for Compound 



Polymer 



100 parts 



Carbon (N-220) 



50 parts 



Aromatic oil 



10 parts 



Zinc white 



4 parts 



Stearic acid 



2 parts 



Accelerator MSA* 



0.6 part 



Accelerator DM** 



0.15 part 



Sulfur 



2.0 parts 



* N-oxyethylene-2-benzothiazole sulfenamide 
** di-2-benzothiazyl sulfide 

The physical properties of the vulcanized material are 
shown in Table 2 . The polymer according to the present 
invention excels in terms of modulus, hardness, and tear 
strength. 
Working Example 2 

A polymer was prepared in the same manner as Working 
Example 1 with the exception of not adding toluene 
containing water, using a reaction product of 200 
millimoles of triethyl aluminum and 100 millimoles of 2- 
ehtylhexyl alcohol instead of triethyl aluminum, and using 
20 millimoles of phenyl isothiocyanate instead of sulfur 
dioxide. The characteristic values of the polymer are shown 
in Table 1. The polymer was compounded and vulcanized in 
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the same manner as in Working Example 1, and the physical 
properties of the resulting material are shown in Table 2 . 
The polymer according to the present invention excels in 
terms of modulus, hardness, and tear strength. 
Comparative Example 1 

Instead of using the polymer in Working Example 1, 
cis-1, 4-polyisoprene [Japan Synthetic Rubber Corporation, 

( ML 1 0 

IR2200, 98% cis-1, 4, Mooney viscosity i + 4 D f 82] 

obtained by using a titanium based catalyst was compounded 
and vulcanized in the same manner as Working Example 1. The 
physical property values are shown in Table 2. 
Comparative Example 2 

The cis-1, 4-polyisoprene used in Working Example 1 
[Japan Synthetic Rubber Corporation, IR2210, 98% cis-1, 4, 

(ML 10 

Mooney viscosity i +• 4 ' Q f 65] and a syndiotactic 1,2- 

polybutadiene powder obtained in accordance with the 
following were blended with an internal mixer to obtain the 
polymer shown in Table 1. The resulting polymer was 
compounded and vulcanized in the same manner as Working 
Example 1 to obtain a vulcanized material. The properties 
of the vulcanized material are shown in Table 2. 

Table 1 
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Mooney Viscosity 


1,2 Configuration 
Content of Polymer (%) 


Melting Point of 
1,2 Configuration °C 


Polymer from 


83 


12.0 


204 


Working Ex. 1 




Polymer from 


90 


18.0 


204 


Working Ex. 2 




Polymer from Comp. 


82 


0 




Ex. 1 (IR 2200) 






Polymer from Comp. 


82 


12.0 


204 


Ex. 2 







Table 2 





Working Ex. 1 


Working Ex. 2 


Comp . Ex . 1 


Comp . Ex . 2 


300% Modulus 


130 


135 


110 


125 


(kg-f/cm 2 ) 








Tension Strength 


290 


289 


292 


250 


(kg-f/cm 2 ) 








Stretch % 


595 


590 


600 


590 


Hardness (JIS-A) 


70 


72 


64 


69 


Tear Strength 


92 


93 


75 


70 


(kg-f/cm 2 ) 






Flexural Crack 


120 


120 


100 


200 


Growth Index 







Working Example 3 

Adhesion (tack) between unvulcanized compounded 
rubbers with the formulation shown in Table 3 was measured. 
The results are shown in Table 3. Adhesion is improved by 
the use of diene rubber according to the present invention. 

/6 



Table 3 



Formulation of Compound 


Working Example 3 


Comparative Ex. 3 


Natural rubber (RSS + 3) 


20 


20 


BR01* 


50 


50 


Polymer from Working Ex. 1 


30 


0 


Polymer from Comparative 
Example 1 (IR2200) 


0 


30 


Carbon (N-220) 


50 


50 


Aromatic oil 


5 


5 


Zinc white 


3 


3 


Stearic Acid 


2 


2 


Accelerator MSA 


0.6 


036 


Accelerator DM 


0.15 


0315 


Sulfur 


2 


2 
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Adhesion (gr)** 



580 



330 



* cis-1, 4-polybutadiene produced by Japan Synthetic Rubber 
Corporation 

** The adhesion test was performed in accordance with the 
aforementioned method. 
Working Example 4 

A toluene solution of 1 kg of cis-1 , 4- [polyisoprene 
was prepared in the same manner as in Working Example 1. 
200 g of 1, 3-butadiene, 3 millimoles of bis-acetylacetonato 
cobalt, 70 millimoles of diethyl aluminum chloride, 2 1 of 
a toluene solution of a mixture containing 70 millimoles of 
triethyl aluminum, and 30 millimoles of phenyl 
isothiocyanate to the resulting solution, polymerized for 4 
hours at 30°C, and solidified and dried in the same manner 
as in Working Example 1. 

( Ml 1 0 9V ) 

The Mooney viscosity 1 + * 4 of the polymer was 

80, and the 1, 2-conf iguration content of the polymer was 
11 .5%. 

The resulting polymer was compounded and vulcanized in 
the same manner as Working Example 1. 

The properties of the vulcanized substance are shown 
below: 
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300% modulus (kg-f/cm 2 ) of 128, tension strength (kg- 
f/cm 2 ) of 285, stretch (%) of 600, hardness of 70, tear 
strength (kg-f/cm 2 ) of 90, and flexural crack growth index 
of 85 (assuming that of Comparative Example 1 is 100) . 
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